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i ] 

H*tt»t^« J: «9 *&ft s m#W&-t %> tt^-b ;i/ K^fiJ L if (7) -b ;v &c if o 

> 

h ** y a - a r- ? * ikfirtr £ fr&o 

llf^2] 

tfcttf-iy *^«KJ: ^ttftR'frOlt^ «i>Lfc=A3^»*», Br5feO*#*»fcLT 
*f #-3^7*- * £ 3 > tf a - 9 Xi3 ir 2> W V s * \?> 7s 7- v ■? t „ 

h-fr<r> mmt v*if 1 mmm xt- v-7 1 , 

5. usee $ an i: -r & ^#jssm^ t y ? t , 

5 ] 

[**3(6] 
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[0 0 0 1 ] 

*$&Ett, ^^%tt5^L7t**';^-A7 :y - ; j'^/jN$v%fe'it^*T'ia'!tb> cad 

10 0 0 2] 
[0 0 0 3] 

Sfc, Br%H« ■ ftf^ail^^t, CAD (Computer Aided 
Design), CAM (Computer Aided Manufacturing 
) » CAE (Computer Aided Engineering). CAT (Co 
mputer Aided Testing) fcjf^ -g-^tifgfK DnX, flWr, fftg 

*?6»tioT, jt8fi*yUl/-y 3 >t3bJC-S i mu l a t i o n ( 
Coorporative Simulation), flaxen -fe* & #Jir LfcA-CA 
M (Advanced CAM) , ^gO*«#(lJt4D- fabrication (D 
eterministic fabrication) < ^Ri" 4 tt 

[0 0 0 4] 

ML/;«0->UWy 3 v^, CSG (Construct! 

ve Solid G e ome t r y) *B- r e p (B o u n d a r y Repres 
entat i on) t'f-^ 4IStLtv^ 0 
[0 0 0 5] 

t 4 9 , *ffla > If a - ^ fcfflnfc**^ t flffiettn**** MA^ o 

O 

[0 0 0 6] 

B-repm nnm^mm-xmM-fh-tz^^ r~-*am<, 

[0 0 0 7] 

tztb, *<Dmffi%i%:Zm*miX-i*2>1>K CADtyU^-y 3 >^ t ^^ S 

H»-e* «3 > mt- mm • irax • m.± • RiM»0#xfi*iq cf- ^-etit* 

1 0 0 0 8 ] 

WV>&x.*U£ % SttOSo 1 i d/S u r f a c e-CAD (J^TS-C AD iZ 

(1) ^-^**«e,ftv», rt«T?oassi»ft^iiv^ («ttKi^«i^Mi) « 

(2) yUl/-y 3 yH|Hf^^ (raWtoTV^V>OT^ y ya^L 
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(3) CAM^J:*inXOlftft36*-c§4v» (*»ML^toTv»4v») 0 
[0 0 0 9] 

(1) JDiynt^^Si^l^vv (SEinX^xeKti-^3t»*qF+^) o 

(2) ^-^-inx^@^»x^t'ifLv^nxfti3^T«§-cv^^ ww^^^ 

I 0 0 1 0 ] 
[0 0 11] 

rtUCM-t-ftrtW-fe^l 3 a fc*JMfi*r*triMH:/i/l 3 biWt&f>on*o 
4 *3 £ OH -e 1 5 tt^JWfjSCT?* & o 
[0 0 12] 

»tt««-««*~5BWK:lFaL, KtrfrfcUnX, jfcft, Kft, BMUfc *f-aw>UgfcM 
[0 0 13] 

[0 0 14] 

<5> i t £ & 0 
[0 0 15] 

MHfcfclKl] ttH 2 00 2-2 3 0 0 5 4^ r»«tfci»tt*«^L^fl:7»-^ 
l#fr^tltlt 2] #!2 0 0 1-3 7 0 0 4 0f, T3 Xju&Vtr- * <D*)VftUr- 
[#fr3« 3] ftR 2003-44528 r^^TO^^&j 

3$m2 003-131313^ &mnr- 9 <7>nmxmt.*<D7 

[0 0 16] 

[^ttitl] K.Kase, Y.Teshima, S.Usami, H.Ohmori, C.Teodosiu, and A.Maki 
nouchi "Volume CAD" International Workshop on Volume Graphics (VG 03) ,2003, 
Tokyo. Japan, (to appear) . 

Y.Teshima, S.Usami, and K. Kase"Shape Approximation, Cube Cu 
tting and Enumeration", The Institute of Statistical Mathematics, Tokyo, Jap 
an, Abstract pp9. 

^[^MHfcfcltt 3] Y.Teshima, S.Usami, and K.Kase, "Enumeration on Cube Cutting 
", Japan Conference on Discrete and Computational Geometry , 2002, Tokyo, Ja 
pan. pp. 87-88, 

CM. Hoffmann, "The Problems of accuracy and robustness in g 
eometric computation.", Computer, 22(3) :pp31-4l, 1989 
IWmfXMb] T.Ju. F.Losasso, S.Shaefer, J.Warren, "Dual Contouring of H 
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ermite Data", Siggraph2002, Italy, proc. pp339-346 
mmrXme] W.J.Shroeder, "A Topology Modifying Progressive Decimation A 
lgoritm , Proc. Visual 1 izatin97, pp205-2l2, Oct. 1997 

l&ftWf-XM 7] I W.J.Shroeder, J. A. Zarge and W.E. Lorensen, "Decimation of T 
nangle Meshes , Proc. Siggraph 92, pp65-70, July 1992 

r*tt«F*lR8] K.J. Renze and J.H. Oliver, "Generalized Surface and Volume 
Decimation for Unstructured Tessellated Domains", Proc. VRAIS96, pplll-121, 

."^CAgH^ 9 ) 1 B ' Hmman ' " A ° ata ReduCti0n Scheme for Triangulated Surfaces 
mWmcmi 0] I. Navazo, "Extended Octtree Representation of General Sol 

1 Vn,\* P i ane 1 Face ! : c Model Structure and Algorithms", Computer and Graphic 
s Vol.13, No. 1, pp5-16, 1989 

^ff?? 1 1I . H -„ Hoppe ' T - DeRose . T.Duchamp, J.McDonald, and W.Stuetzle 
'rJ2t*il miZa i 10n ' Pr ° C - Si ^ ra P h9 3> PP- 19-26, Aug. 1993 
Aug 19% H ' H ° PPe ' " Progressive Meshes " p roc Siggraph96 pp99-108, 

I ? 4 *P S 25 \ 3 1 P -Lindstrom and G.Turk, "Evaluation of Memoryless Simplifi 
cation IEEE tvcg, 5(2), pp98-115, April-June 1999 

I***** 14 !* Garland and P. S. HEckbert, "Surface Simplification Usin 

m^ml\T^V:r ™ H97 ' Aug. 1997. 

m&WFXMl 5] C. M. Hoffmann. The problems of accuracy and robustness in 
geometric computation. Computer, 22(3):31-41 1989 

1 .63 K. Sughihara and M. Iri. A solid modeling system free from' 
^topological inconsistency. Journal of Information Processing, 12:380-393, 1 

1 7] L Kela. Hierarchical octree approximations for boundary r 
1989 ^ ge ° metric m0dels ' Computer-Aided Design, 21 (6) : 355-362, 

1 8] I. Navazo, D. Ayala and P. Brunet. A geometric modeller ba 
T(C r^ff 6 ^presentation of polyhedra, Computer Graphics Foru 
m (Eurographics '86 Proc.) : 591-104, 1986. 

J^f WrS ? kl 91 W ' Lorensen and H - Clin *- H. Marching cubes: high resoluti 

^ ^?2ns?i£is. a iS7 r . itta - ACM Computer Graphics (proc - ° f acm si 

J2* I,! J*» 2 01 n NaVaZ0 * D ' AyaU ' and P - Brunet " A Geometric Modeller B 
Z 5°p P 9^0rl9^ ttree RePr6Sentati0n ° f Pol ~' Computer Graphics Fo 
[#JMJ*K2 1 ] T. Hama, M. Asakawa, M. Takamura, A. Makinouchi, C.Teodosi 
u A stable and fast new contact search algorithm for FEM simulation of met 
al forming process", (to appear) 

[&w&m®: l «t d t -r % mm] 

[0 0 17] 
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[0 0 18] 

(1) *A^Xfc|TOgottfc$fr#oaMKfcttU Uf?^2) W#TL4 

(2) ^^t'fx^w^w^ a^Kasfti-sjM'-c, 

^^^^ L < ®S"Ccb & o 
[0 0 19] 

*J=ft»/^f*»-Jt- C«3ST?*«:v^ffi-cftO, V-CADOl^^ &?>o< 
0 »t * J:«* Till £ fO-Tcft Lfcf-^flK (iMffl L#& v* c 
[0 0 2 0] 

^^opae-fb/ffiBMb^d^fettffit'Hopp e [i i] *K.toTit£ 

[0 0 2 1 ] 
[0 0 2 2] 

v-cad [^trjtti] <o«wat, tt^^t^w^^fbL* 

[0 0 2 3] 

( i ) fMffi^tMft^A^ k 4 < +*>m&it 

[0 0 2 4] 

tB|E#2 004-3076394 



12003-275055 /^->? : 5/ 

[0 0 2 5] 

ZtihiDXTV ~f(O^X^ 
10 0 2 6] 

^'^3) OAa*«*S4»«ttTK6«jj| (a, b, c, dl, d 2 , d 3 ) fcfl- 

( c ) »*-fe^n±T?, [WJ— ^_t<7)^^-^-A,^f 3 & i *: l± * *U2U:tf> jft T=fc3&^ y * 

(d) (c) ^<Dr-AT~m~<D*)Vm±lZ2£M±<D®M&m%^X^&tr-X 0 
[0 0 2 7] 

Mfc (d) ^^--xco^tli, fli^o^oWfja^oft^HA^y^WSg^ioT: 
, 3^;^-> (dl, d2, d3) izfrm-e&. *1l*ti<D&.mzi&Zt:!e t m*ff J ) 
t±^^i^foi*u^i, (d3) wy-^cov^Ttt, 2 

o&t tut i&tt£2>tx"t&.m.zmw&o "' ' " 

(d 1) mm<DWM&tf=ftJ&s*yr<?>j%%Li l z%vX\,*2>r-X 0 
[0 0 2 8] 

( A ) -fe ;v i*j L 7t &W®./=MW>^ y ^<DM & 0 

(B) IV»f/^JJMIWD^, 

( C ) jS-caiftyw \zm®Lfrm 

(D) 2*to«K;**mt % flff*fcK»»;rs 

(E) %JW&<Dm®.<nji>*) 

[0 0 2 9] 

(1) A*fc*4*®^^-^<o-#«#^#/ttffi^stggj5^- <6 ii : ^< % 

(2) ^L/ct^t^x^Toww^, x%Ltzmm*mr-9<D-&mftjkft 

(3) AD<D-ftJ&siy?-r'-**mffi-tZ>ZbX^ &&<OWfc<0*TV >rZ1j7 t fc 

*^ V - CAD ^^^^WJffitT, K»*fls***ftft (Boolean) 



o 



l Jo 

' o 
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[0 0 3 0] 

[»W & ^m-t £ fz tb <D ft ] 
[0 0 3 1 ] 

[0 0 3 2] 

(V o x e 1 ) *Afr**)V (Octant) t^^KM^it^fifz-MM^ 

(Intermediate -Triangle) ^4Lt, teRSFli-COSJBf K J: £ 
X/an?Ott*»« (Edge Spl it) ^ -fe/KO-f * *tim*5PJflJ Lfc««l 

(Edge-Co 1 lapse) izi ■) ^/UKJfrfrftLfcHfcJ&rCy 

-CAD) 

[0 0 3 3] 

»S1 Ott, n*7*-^X*#«2, n«G1t««3. F«3«Pffi«««4, **ftkil««5 
[0 0 3 4] 

^»f-^X*f82tt, «xtf*-#-K*C*0, Wfcl^JfcMER?'-- 
^"/n^7A4:fE*-r&o l*3«MBttig« 4 »4, fllxtfRAM, ROM*T*»K &#fl| 

**«ih-*o t^iits (cpu) {i, mx*xmu**m+mz!emu rate 
««tt4fc#fc, ^n^7A^iino tubmen, m*.\i*m*mb7v >?x*& 

#«k«^«, Mutters. *aR*«*^«, «iMb^«-fe 

[0 0 3 5] 
[0 0 3 6] 

ttttf-*!*, iOi^^-T-^ (S-CADf-^t^) (1) V-C 
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^!!! r '!"" 7 A^ (V-interf ace) fcj: 9 AHSJOA2lfc J: 9 ft** 
«$*t^7*-^fc, (2) «0je«^*>^ fyMfW^fyMXf-n 
s (3) Cmt'^MRI, UllHRftKVo 1 unel/>^>^CIv»t,*iT 

[0 0 3 7] 

1 • feWi 

fi£*OB-r e p. 7* 9 C^IMSESIt*- *) tftotv»fcSo 1 i d CAD 
fiSurface CAD (&T S-C A D tWfr-f *) «5f- * 

5] [^Ml 6] „ 
ifc, CAE^CAMic^v^T{i^tLibMMM^feS1--2>^S^^^$^J|xmft^ 

7 7] ^A»**A.fciHir#*#ftS*fc, &l*A5Mc (E x t e n d e 

[0 0 3 8] 

f i***^* 4 * Afl»*-te* (Oc t an t) *Z<DBmit**£±» 
PW-fiJbm-tm&lr i-AC ADOT'-^ftlt^^K i t t a Cube 1"^ 
JttXttl] 2] [##K=»c3] *fc*U iHifcJ:<K T*ISTfifll 

f T »»^ftt«*#mooK i t t a Cube *«Si"i5ft 
i-,!^ K i t t a Cube fc, £W±fr]£&<DMmtQ%&$l. 

SKitta CubeWS. 
[0 0 3 9] 

2. 

lO»*tt-ftI*«OA*feCG, CAE, CAM, 'jA-7x>i;-7^^^ 
ttKv»»-cwfl*ivcv>* [*#TO7] [*§ttiti2] »«i9] 0 

0] [»tt2 0] »ra2i] 0 
vvcv>* [**fr*ft2] [m»K3] . **K =M^^f( 

w~?L.^55iL* oTV **° t«to-o(iMa rching Cube (J^T 
MC) & BMTOXtfci*] «U2:v««3Ul [^^11] tS-CAD«i 
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J: fox. &1j&b LTK i t t a Cube fcfflv>fc=fc^*;|fcgt bfco 

[0 0 4 0] 
3 . 5fetf W 

3. 1 V-CAD«f-^ii 

KasetCii^Ja-ACAD [^jttl] & ^f:V-CADf- 
flitf friz* Z-ftM'^y f-©*«*±Rfc1lv>Tv>;fco f-^fllififiBI 3 O J: 3 

[0 0 4 1] 

3. 2 V-CAD<DMt^t^n^7A 

V-CADWf-^«ii, aTO^ff^iltV^o 
(1) ^f'^l t)8lf^«tt-t 

**M9i\> (Tessellation) LfcH*i3B/< y i: *.)V<nmUk W^^ff 
(3) 7^3 •feJl/flJftflJRJsg 

•© ®r,6rf> ? b ;ni£± Kfftti- & - * -e a , ma o -t ;v i*i -e o$£fC^£ * £ ^rfi^ a** 

[0 0 4 2] 

iHt,^T^l-3CJ: 19. #i^fmCMt4K i t t a Cub eOftW 

iz&\i*x\±Z.<D&\zttJ&-t&ji!M£^ At>* (Octree) fl**fc#1-*JMftv»C!>1BJ|l 
[0 0 4 3] 

«Hfci3J:Wo»iUHoppe Wttll] ttitt 1 2 ] ^Shr 

o e d e r [#M#fl\fcllft 7 ] , R e n z e 8 ] % H a mm a n m^WrX®. 

9] ^Ciotlt^/;, «##J (Edge-Split) jmbmUMt (Edg 
e-Co 1 1 ap s e) HCiot, **K»frfl:-*-;53r8cfcHS&Lfco &«EO 

[0 0 4 4] 

»->f^iffi^lt^^r>Ml; (Remeshing) fcwcii % J u 
mW%rXM5] -^Shroeder [#4MM:iR6] #H*Lt^4*«, J uO^ffifi 
. H e r m i t e 7*-* trf^jA*t'«'J^l(^& £:V>-9,£u Shroeder *>:frifcW\ * 

y-mMoi-tb<z>v >y (t tin* (Dffimzx *)=ni&<Dffimk*mit>z> ^<ox 

[0 0 4 5] 
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4. **WO*fttyn^9A 

*HlSO*ftO«R* T^ibtLJ K x ^ti^ti^x* T^^t&Plffl^. 2-4 
• 4, afcfrftfcfflffl L£3ft£i£g (Boolean) 0«g^4. 5> S&CA** (O 
c t r e e) aR&O&Sj&fc 4 . 6^i"o 

[0 0 4 6] 
4. 1 fcfc t Lfc^Wf-* 

S-CADf-^*& V-CADf-**flsjft1-«;Jft*T\ *W?*-*fc LTtfclfltt§ * 
H5^;H3£ (Intermedi ate-Tr i angl e) Srfllffl LTV>4 0 
W=i*l5&ttfMB#§'t'W3fclft (Intermediat e-E d g e ) /tt4B# S «t» WW 
,5 (Intermedi ate -Vertex) OBIilOf- * "CAMS 3 ft., ttffltt 
^tTOli, H^^t^^-b;K7)^5|7*-^ (Index) fc, ffl^o^^y 

l*l (BODY) , *)lsM (F A C E Y Z , FACE_ZX, F A C E X Y, ) , -b;V 

£1 (E D G E — X, EDGE_Y, EDGE_Z, ) WjftC (VERTEX) ) *JR1$Mfi 

[0 0 4 7] 

ffltt^+WHfc^O^/Hjte-'ftfc'fT^o 

-WLm*t&m<n*Tv'7*z.z.-emm.-rz>o ^ohos-cad Data, 

[0 0 4 8] 

(1) xf'^i i^vitik (T-t&m 

<9> f-^^r n*>txf ^rim B-re P f-^*vu 

(2) XTy72 : Jz)l>-?y Tdz/jr (WJ|#tt) 

, IMtttt^x? T'^^i&i-So -t&t>*>x-ry 7'2tii, -fe^®t-J:*«0WfjSW-**?B5 

lWJSai:j&o/;IM (Bounding Box) fcflH^Tff-So 
( 3 ) : XjSCOfHt fc jRlft^-ffl (#«IBtt) 

(4) xTvfA :mmm^ 

[0 0 4 9] 

(5) titm?-*. vtT.TV'f 

**ftia*« 5 > rt^fS'll^e 4 X WflSCMEU 3 55»*RU, xy^g 
ZmmtZtztb, K i t t a Cub e T? Wt&*fc&£- (x?j;3?^) co i&TI$fc&T 
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c ) $j m*M& Cic Tft*B« & mm s %£k L £ w 0 

(6) 7 5 : ffiHMt (S i mp 1 i f y) 

+*#L3!£ltt5, l*I^ia'It^®4^WM'It^M3^*|WiLT, Wnfrft^Sfc J: 19 
[0 0 5 0] 

(7) : H^o-tr;Wjl>£ (-te/MWS) 

Wlif 5, l*lM'It^S4^0 f ^|5| S .|t^3^ [ wi LTN -fe;V#m#StCJ: 19 

*=A&b ±JHzm*>m*o @3i:^L/;Ki t t a CubetOf 

(8) Afyy? : -b/uort^ipjjg (^^V 

^we^t-?:? (d) ^^ri-^ 0 :«^f^ (d) t±, iff-n-ft^jf, 

RStSiftlHr^iaje^f y y (D2) i:^ib*& 0 4fc, ^#-b^Xf;7" (D 2 

CR * t4 « 3&fc#*#*>Mtt5fe*7^:/ (Dl) tt, X, Y, Z0 3*IrIKWLTJB 
KHiSU W^^stc i i), E*#-fe^o^T*«K:5fe2fc-r* 0 

X7-y/7t?'feA/0*tttt*|a:5gt3'5:7*-^ttV-CAD Data (^'Ja-if- 
*) tU, n«BI2'lt^fi 3 ^ i»Sf 6 CtB*$iL^ 0 
10 0 5 1] 

4 . 2 ©ti-* t mms-m (xr^yj^h) 

*5*KJ:*K BODY-V.ERTEXi^JRtttt, ftf,^ *©Jte«Mt*e>«:& 

[0 0 5 2 ] 

4. 3 mUWite 

11] [^Wrtvfcllftl 2] Ssfc^Sftaj;^ ffi«OggjE*ff*5*v»jft«ljtt^«rff-5o 
(2) m±£ii®Ji^ *±Jft*fc»i* 
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FACE FACE FACE EDGE EDGE EDGE 
BODY VERTEX 

_xz _zx jxy jt _y _z 
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3 
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0 


0 


EDGELY 1 
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VERTEX 1 
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Interaiediate Vertex <£re— 



10 0 5 3] 



flag 


collapse BJt&Ssfcft 


0 




1 




2 


3d— x2 


3 


yi=y2 


4 


zl=z2 


5 


yl»»y2 J&O zl — z2 


6 


zl=22 J&O xl=x2 


7 


xl=x2 *»0 yl=y2 


8 


xl=x2 ifiO yl*=y2 AO zl— z2 



Inteimediate Vertex ©7- ^^^2) 



10 0 5 4] 

*tttS:itl 4] ^T-iB5&$tLTV^Qu a d r i c Error Metric (QE 
[0 0 5 5] 
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4. 4 

o 

(1) i±,*/#rt*^o-c^^v> 0 

( 2 ) i t- 9 1 m&m s m~<o&ibm otv>4^. 

(a) *»'l*i'i*m3LLfc&mit/ (H5) 

TV^^r-^ (|6) 

( d ) ( c ) * - ^ -eiwi-o-t ;v^± 2 jSJ0L±wttffift § * WTIjftc*«5»o T v» * 

[0 0 5 6] 

±Ojft*ljfti*om*LTV»S % ikfttaa ( d 3) ©^-^Hov^tli, 2oO£ftI 
[0 0 5 7] 

(dl) iiOfffl#l*W]|^=^> ? f^i:i 0 -cv^t-^ (H8) 

oTV^^r-^ (19) 

m i o) 

[0 0 5 8] 
4. 5 fl&Bfrffc 

(1) Ltzg-mfo/=ftM'*7 3-<omi& 
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